T . Electrophoretic karyotyping and physiological analysis support the affiliation of the two strains to a novel species as Candida olivae sp. nov. The novel strains are conspecific with two Candida sp. strains previously isolated from the Mid-Atlantic Ridge hydrothermal fields [Gadanho & Sampaio (2005 Naturally black olives, also referred to as 'Greek-style', are produced according to a traditional process involving spontaneous fermentation of drupes in brine. Fermentation is carried out by the indigenous yeast biota, which grows on the epicuticular wax of the olive skin and in the stomatal openings (Nychas et al., 2002) . Different yeasts with diverse phylogenetic affiliations have been isolated from fermenting olives, yet this ecosystem represents a highly unexplored habitat for yeast species (Arroyo-Lopez et al., 2008) .
Strains FMCC Y-1 T (5CBS 11171 T 5ATCC MYA-4568 T ) and FMCC Y-2 (5CBS 11172 5ATCC MYA-4569) were isolated during a survey of the yeast biota associated with fermenting black olives. Mature olives of the 'Conservolea' cultivar were collected from an olive tree orchard in Central Greece and transferred to the laboratory within 24 h. Fermentations were carried out in 6 % NaCl brine supplemented with glucose (0.5 % w/v). Brine samples were decimally diluted in Ringer's solution and 100 ml aliquots were spread onto Rose Bengal Chloramphenicol agar (Oxoid). Colonies were restreaked onto YPD agar (1 % yeast extract, 2 % peptone, 2 % glucose, 2 % agar) and stored at 280 u C until further analysis. Morphological, physiological and biochemical characteristics were examined according to standard methods (Yarrow, 1998) . Morphology of cells was observed under an Olympus BX50 microscope and images were acquired using an Olympus DP71 digital camera.
Genomic DNA was isolated according to Burke et al. (2000) . The 18S rRNA gene, the D1/D2 domain of 26S rRNA gene and the 5.8S-internal transcribed spacer (ITS) rRNA region were amplified according to Ueda-Nishimura & Mikata (1999) , Kurtzman & Robnett (1998) and Nisiotou & Gibson (2005) , respectively. PCR products were purified by using the QIAquick PCR Purification kit (Qiagen). Both DNA strands were directly sequenced with an ABI 3730 XL automatic DNA sequencer by Macrogen (http://www.macrogen.com). BLAST searches of sequences from GenBank were carried out and CLUSTAL_X (1.83) software (http://www-igbmc.u-strasbg.fr/BioInfo) was used to perform sequence alignments. Phylogenetic analysis was conducted using the MEGA version 4 software package (Tamura et al., 2007) after multiple alignment of data by CLUSTAL_X (Thompson et al., 1997) . Distances (distance options according to the Kimura two-parameter model) and clustering with the neighbour-joining and maximumparsimony methods were determined using bootstrap values based on 1000 replications.
Intact yeast chromosomal DNA for PFGE was prepared using the method described by Bai et al. (2000) . Chromosomal DNA bands were separated in a contourclamped homogeneous electric field electrophoresis apparatus (CHEF II, Bio-Rad) as described by Imanishi et al. T and FMCC Y-2 and other strains available in the GenBank database were performed. The novel strains shared identical sequences in the D1/D2 domain, which showed 100 % identity to those of two Candida sp. strains (strain MARY 179, AY731728; strain MARY 223, GQ258724, this study), isolated from hydrothermal fields of the Mid-Atlantic Rift (Gadanho & Sampaio 2005) . The novel strains differed from Candida blattariae NRRL Y-27703
T by 1.3 % (six non-contiguous substitutions and one indel in 532 nucleotides); and from Candida membranifaciens NRRL Y-2089 T by 1.5 % (six non-contiguous substitutions and two indels in 544 nucleotides). The 5.8S-ITS rRNA gene sequences of strains FMCC Y-1 T and FMCC Y-2 were identical to each other and differed from those of strains MARY 179 and MARY 223, which shared the same sequence, by a single nucleotide substitution in 590 nucleotides (0.2 %); from that of C. blattariae by 52 differences in 602 nucleotides (43 substitutions and nine indels; 8.6 %); and from C. membranifaciens by 45 differences in 596 nucleotides (35 substitutions and 10 indels; 7.5 %). Sequence comparisons of the 18S rRNA gene revealed 21 (15 substitutions and six indels) nucleotide differences in 1670 nucleotides (1.3 %) and 17 substitutions in 1753 bp (1 %) between the novel species and C. blattariae and C. membranifaciens, respectively.
Phylogenetic trees based on D1/D2, ITS (including 5.8S rRNA) or 18S rRNA gene sequences were constructed to visualize interrelationships among the novel strains and other members of the Candida membranifaciens clade. In all cases the novel species, represented by the strain FMCC Y-1 T , was phylogenetically distinct from C. blattariae and other closely related species. No differences were detected between the neighbour-joining and maximum-parsimony methods, particularly as regards the position of strain FMCC Y-1 T . The phylogenetic placement of the new species, based on the neighbour-joining analysis of D1/D2 rRNA gene sequences, is shown in Fig. 1 .
Chromosomal banding profiles of strains FMCC Y-1 T , FMCC Y-2, MARY 179 and MARY 223 were identical to each other but profoundly distinct from that of C. blattariae (Fig. 2) . The four strains possessed three electrophoretic bands ranging in size from approximately 700 to 2200 kb. The bands detected may account for a higher overall chromosome number, because the 2200 kb band could be a doublet. The banding profile of C. blattariae CBS 9876
T consisted of four electrophoretic bands ranging from approximately 550 to 2200 kb. Supplementary Fig.  S1 , available in IJSEM Online. Strains FMCC Y-1 T , FMCC Y-2, MARY 179 and MARY 223 showed identical morphological and physiological characters, differing only in that the olive isolates could not assimilate ethanol. Their physiological profile clearly differentiated them from the closely related C. blattariae and from other Candida species of the C. membranifaciens clade ( Fig. 3a, b ; Table 1 ). The novel species could be distinguished from C. blattariae by its inability to ferment trehalose or assimilate L-rhamnose or DL-lactate, and by its ability to grow at 34 u C. In conclusion, based on physiological characterization and phylogenetic analysis, it is proposed that strains FMCC Y-1 T and FMCC Y-2 are conspecific with strains MARY 179 and MARY 223 and representatives of a distinct species within the genus Candida, Candida olivae sp. nov., with FMCC Y-1 T (5CBS 11171 T 5ATCC MYA-4568 T ) as the type strain.
Yeasts within the C. membranifaciens clade have been isolated from various habitats including plants, water and insects (Meyer et al., 1998; Suh et al., 2005) . The novel strains were recovered during a survey of the yeast biota associated with spontaneously fermenting black olives. Strains were isolated from the initial stage of fermentation, i.e. immediately after the placement of olives in the brine, and they were not detected thereafter during the course. It is possible that C. olivae sp. nov. strains had been transmitted onto the surface of olives by insects, as this is a common route for fruit-surface yeast colonization. Accordingly, several members of the C. membranifaciens clade are insect-associated (Suh et al., 2005) . The fact that strains MARY 179 and MARY 223 were previously isolated from the Mid-Atlantic Rift hydrothermal fields (Gadanho & Sampaio, 2005) indicates that the novel species may occupy diverse ecological niches, not limited to certain environments or geographical localities.
Latin diagnosis of Candida olivae Nisiotou, Panagou et Nychas sp. nov.
In medio liquido YM post dies 3 ad 25 u C, cellulae ellipsoideae, cylindricae vel elongatae (1.54-3.6565.10-8.29 mm), singulae, binae, et adhaerentes; pseudohyphae fiunt. Per gemmationem multipolarem reproducentes. Post 1 mensem sedimentum formatur. In agaro YM post 1 mensem ad 25 u C, butyrosa, cremea, convexa, glabra, margo glabro vel undulato. In agaro farina Zeae maydis confecto post 10 dies ad 25 u C, pseudohyphae fiunt. Ascosporae non fiunt. Glucosum et galactosum fermentantur at non sucrosum, maltosum, lactosum, raffinosum nec trehalosum. Glucosum, galactosum, sucrosum, maltosum, cellobiosum, trehalosum acidum succinicum, acidum citricum, L-arabinitolum et arbutinum assimilantur at non L-sorbosum, lactosum, melibiosum, raffinosum, inulinum, amylum solubile, L-rhamnosum, methanolum, DL-acidum lacticum, nec inositolum. Ethylaminum, L-lysinum et cadaverinum assimilantur at non natrum nitrosum nec kalium nitricum. Ad crescentiam vitaminae externae necessariae sunt. In 10 % natrium chloridum/5 % glucoso crescentiae. Maxima temperature crescentiae: 34 u C. Materia amyloidea iodophila non formantur. Ureum non hydrolysatur. Crescit in medio cum 50 % (w/v) glucoso. Typus stirps CBS 11171 T isolatus ex fermentum oliva, depositus in collectione Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands.
Description of Candida olivae Nisiotou, Panagou & Nychas sp. nov.
Candida olivae (o.li9vae. L. gen. n. olivae of/from an olive).
In YM broth (Yarrow, 1998) , after 3 days at 25 u C, the cells are ellipsoidal, cylindrical, elongate (1.54-3.6565.10-8.29 mm) and occur singly, in pairs, in chains or aggregated in clusters (Fig. 3a) . Pseudohyphae may be present. Budding is multilateral. After 1 month at 25 uC a flocculent sediment is present. On YM agar (Yarrow, 1998) , after 1 month at 25 u C, the streak culture is membranous, creamcoloured, flat, and rough; the margin is undulating. After 10 days Dalmau plate culture on cornmeal agar at 25 u C, pseudohyphae (Fig. 3b) Strains: 1, Candida olivae sp. nov.; 2, C. blattariae; 3, C. friedrichii; 4, C. membranifaciens; 5, C. diospyri; 6, C. buinensis. Data for strains 3, 4 and 6 from Meyer et al. (1998) A. A. Nisiotou, E. Z. Panagou and G.-J. E. Nychas
